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Space Station Freedom Transportation Node Concepts and Analysis 
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The objective of the Transportation Node Concepts and Analysis study task element of the Space Station Freedom Transition 
Definition program is to pursue those activities necessary to define and prepare for Space Station evolution in keeping with the needs 
of users and long-term national goals. The overall objectives are: 

a. To define Station Station Transportation Node evolution configurations consistent with user requirements and program constraints 
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investigated to any depth. 







The first OEXP case study dealt with the establishment of a permanent lunar base on the near side of the moon beginning in 2004. This 
Lunar Evolution case study placed a large number of requirements on Freedom including accommodating and servicing two lunar transfer 
vehicles, storing large quantities of cryogenic propellants, and providing an orbital test facility for the development and demonstration 
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Space Station Freedom Transportation Node Concepts and Analysis 
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Identify technology needs required to accomplish mission 
requirements 









Lunar Evoultion Case Study Outpost Capabilities 
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This overview of the Lunar Outpost was taken from an Office of Exploration FY89 Annual Report draft. 






o LLOX production plants 
o Enhanced bene ficiat ion 
o Global ballistic vehicle 

o 12 crew - 24-month tours of duty 
o Farsside site reconnaissance 
































In order to better understand the relationship and interaction between Space Station Freedom and the other Office of Exploration 
(OEXP) program elements (e.g. ETO vehicles, STV's, propellant storage/transfer methods) the utilization of Freedom has been 
intentionally varied from case study to case study. For the Lunar Evolution case study the OEXP Study Requirements Document (SRD) 
specifies a major utilization of the Space Station's functional capabilities and resources. The detailed list of requirements is given in 
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The overall Lunar Evolution case study mission architecture is illustrated. Earth-to-Orbit (ETO) transportation is accomplished with 
Space Shuttle (STS) flights delivering personnel and a small amount of payload, while a Shuttle-C system delivers the Lunar Transfer 





Lunar Surface 
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The ability to evolve to these levels of capabilities preserves the option to accommodate, at a top level of functionality, the OEXP 
Lunar Evolution case study which requires Space Station Freedom as a part of the overall infrastructure. 
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Evolutionary Definition Office 





Based on the currently proposed Lunar Outpost mission scenario a two phase Space Station evolution process has been developed. T he 
first phase, growth deltas 1 through 6, will provide the Space Station with the capability to process 1 expedable LTV/LEV system 
with accompanying payload. The second phase when complete, growth delta 8, will have the capability to accommodate 2 reusable 






Space Station Freedom Transportation Node Concepts and Analysis 
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Several candidate evolution configuration options were analyzed using the ten discriminators listed below The discriminators with 
the greatest weighting factor were the controllability, operability, and the static micro-gravity environment for each option. It is 
desirable to have an evolution Space Station that would serve primarily as a transportation node, and yet provide a quiescent research 
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design database; performance parameters; and cost and reliability analysis algorithms. These multidisciplinary analytical tools are 
interfaced such that data from one module can be accessed by other modules in an interactive process which provides the capability to 
evaluate spacecraft systems design concepts whose performance predictions include disciplinary interaction. 
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As was described earlier 



Space Station Freedom Transportation Node Concepts and Analysis 

Recommended LTV Verification Configuration 




















Space Station Freedom Transportation Node Concepts and Analysis 

Recommended LTV Processing Configuration (1 LTV 



Figure 2. 




































Figure 3. 
























Earth to Orbit Manifest Options for Space Station Freedom Growth Harware 
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Space Station Freedom Transportation Node Concepts and Analysis 































Lunar Transfer Vehide Processing Operations 
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Thermal System Refurbishment. Radiator panels are located on exterior of avionics bays which allows for modular replacement and 
coolant loop servicing by EVA or robotic operations. MLI replacement or repair is performed on an "as needed" basis. 



Avionics System Refurbishment. ORU replacement of avionics ring boxes may require cargo or crew module removal unless ORU is 
accessible through access panel or by radiator panel removal. Crew module avionics boxes will be replaced IVA as required. Antenna 
repair / replacement will be performed on an "as needed" basis. 
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Lunar Vehicle Processing Operation 



Countdown and Launch 
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Station with Tethered Propellant Depot - Flig ht 1 


Option: no upper tether, 
LEV-C mass attached to 
upper keel. 


Vehicle 

Lunar Excursion Vehicle 
Caigo (LEV-C) 


Tether attach 
point 
(0,0, -53) 


Vehicle 

Space Station 
(Growth Delta 4) 



Mas&lil Area (m2) 

65 130 


Maaail) Area (m2) 

363 3500 (approx.) 





Space Station 
center of mass 
(-054,154, -0.30) 


System center of mass 
(maintained near 
origin with upper 
tether, or allowed to be 
offset in option 
without upper tether) 


Tether attach 
point 
(0,0,53) 

Tether length determined by induced 
acceleration at propellant depot required for 
propellant settling in tanks. 

(Approximate values are 0.0001 g and 200 m) 


Vehicle 


Mass (t) Area (m2) 


Transfer Propellant Tank (TPT) 

66 

120 

Lunar Transfer Vehicle - Cargo 

68 

130 


(LTV-O 


Configurations 



TPT ( 661 ) 









The various downward deployed configurations were simulated in a 2 body system with the space station. These simulations showed a 
stable system, even though beginning in an artificial state (i.e., deployed mass directly below Space Station CM, at full deployment 
length). During the course of the study, it was observed that small initial relative velocity errors between the deployed tanks and the 
Space Station resulted in large amplitude oscillations; further studies are needed to determine control parameters to accomplish actual 
deployment of the platforms. 




Option: no upper tether; 
LEV-P tank mass 
attached to upper keel. 


Vehicle 

LEV-P prop tank 
+payload 


Mass (t) Area (m2) 



********* 



Vehicle 

Space Station 
(Growth) 


Mass (t) Area (m2) 


380 

(approx.) 


5000 

(approx.) 


i *****************1 






Space Station 
center of mass 


System center of mass 


© 


LTV-C (in hanger) 


Vehicle 

Transfer Propellant Tank (TPT) 
Transfer Propellant Tank (TPT) 


Lunar Transfer Vehicle - 
Piloted (LTV-P) 


Mass (t) Area (m2) 
70 120 


120 


250 




TPT (701) 


TPT (701) 



TPT (21) 

TPT (21) 

LTV-P 
(1551) 
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This overview of the Mars Outpost was taken from an Office of Exploration FY89 Annual Report draft. 
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o Crew growth to 7 

o Expanded human exploration to global capability 
with surface-to-surface ballistic vehicles 
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CELSS and Artificial Gravity Research activities 












The recommended Mars Evolution Case Study growth configuration to support life sciences and technology research is pictured. It is 
important from a Space Station Freedom programmatic point of view that the proper hooks and scars be maintained in the baseline SSF 
program. Several important SSF scars are the alpha joint (175 kW), Power Management and Distribution (PM AD) system (175 kW), 
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